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SUMMARY 
Small  ba rs  ( 1  by 1 by 14 mm) of ceramic B a 2 Y C ~ 3 0 7 - ~  were f a b r i c a t e d  and 
s u b j e c t e d  t o  environments s i m i l a r  t o  those t h a t  m i g h t  be encountered  d u r i n g  
i t y  (100 p e r c e n t  h u m i d i t y  up t o  50 O C ) ,  vacuum Pa), and h i g h  f l u e n c e s  o f  
r e s i s t i v i t y  or c r i t i c a l  c u r r e n t  d e n s i t y  (J,) were m o n i t o r e d  d u r i n g  these t e s t s  
t o  assess t h e  s t a b i l i t y  o f  t h e  m a t e r i a l  under these c o n d i t i o n s .  
In co some NASA m iss ions .  These c o n d i t i o n s  i n c l u d e  ambient c o n d i t i o n s ,  h i g h  humid- 
* e
I w e l e c t r o n s  ( 9 . 7 ~ 1 0 ~ ~  e-/cm2) and p r o t o n s  ( 8 . 7 ~ 1 0 ~ ~  p+/cm2). The normal s t a t e  
When normal s t a t e  r e s i s t i v i t y  i s  used as a c r i t e r i o n ,  t h e  ambien t  s t a b i l -  
i t y  o f  these samples was r e l a t i v e l y  good, e x h i b i t i n g  o n l y  a 2 p e r c e n t  degrada- 
t i o n  o v e r  a 3 month p e r i o d .  The h u m i d i t y  s t a b i l i t y  was shown t o  be v e r y  poo r ,  
and t o  be a s teep  f u n c t i o n  of tempera tu re .  Samples s t o r e d  a t  50 O C  for 40 min  
i n c r e a s e d  i n  normal s t a t e  r e s i s t i v i t y  by  f o u r  o r d e r s  o f  magnitude. K i n e t i c  
a n a l y s i s  i n d i c a t e s  t h a t  t h e  d e g r a d a t i o n  r e a c t i o n  i s  second o r d e r  w i t h  wa te r  
vapor c o n c e n t r a t i o n .  
for t h e  ambient i n s t a b i l i t y .  
o f  a t  l e a s t  3 months. 
I t  i s  suspected t h a t  h u m i d i t y  d e g r a d a t i o n  a l s o  accounts  
The samples were s t a b l e  t o  vacuum o v e r  a p e r i o d  
Degrada t ion  o f  Jc  ( d e f i n e d  as t h e  c u r r e n t  d e n s i t y  t h a t  produced a po ten-  
t i a l  g r e a t e r  t han  1 pV/mm) i n  an 1 MeV e l e c t r o n  f l u e n c e  o f  9 . 7 ~ 1 0 ~ ~  e-/cm2 was 
de termined t o  be no more than  about  2 p e r c e n t .  Degrada t ion  o f  Jc i n  a 
8 . 7 ~ 1 0 ~ ~  p+/cm2 of 42 MeV p r o t o n s  was found  t o  be g r a i n  s i z e  dependent.  
p l e s  w i t h  s m a l l e r  g r a i n  s i z e  and i n i t i a l  
no  degrada t ion ,  w h i l e  t h a t  w i t h  l a r g e r  g r a i n  s i z e  and an i n i t i a l  
about  30 A/cm2 degraded t o  37 p e r c e n t  o f  i t s  o r i g i n a l  v a l u e .  
Sam- 
Jc  (77 K)  o f  about  240 A/cm2 showed 
Jc  (77  K )  o f  
~~ 
*Work suppor ted  by NASA Gran t  NCC-3-19. 
INTRODUCTION 
I t  i s  commonly b e l i e v e d  t h a t  space techno logy  w i l l  be one o f  t h e  f irst 
arenas where t h e  p e r o v s k i t e - t y p e  h i g h  tempera tu re  superconductors  w i l l  see 
t h e i r  a p p l i c a t i o n s .  T h i s  i s  because component c o s t s  a r e  n o t  as c r i t i c a l  as 
performance, s i n c e  t h e i r  c o s t s  a r e  l i k e l y  to  be a sma l l  f r a c t i o n  o f  t h e  mis- 
s i o n ,  w h i l e  m i s s i o n  success may h i n g e  on t h e i r  performance. 
M a t e r i a l s  wh ich  a r e  used i n  s p a c e c r a f t  must be a b l e  t o  w i t h s t a n d  a wide 
v a r i e t y  o f  c o n d i t i o n s .  These i n c l u d e  t y p i c a l  e a r t h  env i ronmen ta l  f a c t o r s ,  
such as a tmospher ic  oxygen and wa te r ,  wh ich  any m a t e r i a l  must e i t h e r  be sub- 
j e c t e d  t o  or p r o t e c t e d  from d u r i n g  manufac ture  and assembly. Launch cond i -  
t i o n s  add t o  these f a c t o r s  v i b r a t i o n a l  s t r e s s e s  and h i g h  g - f o r c e  s t r u c t u r a l  
l o a d s .  
vacuum (10-5 Pa) and t h e  r e s i d u a l  atmosphere i s  dominated by a v e r y  c o r r o s i v e  
gas, a tomic  oxygen. A t  h i g h  e a r t h  o r b i t s  and deep space t h e r e  i s  h i g h  vacuum 
(10-8 Pa),  and r a d i a t i o n  f l u x e s  from t h e  s o l a r  w ind .  The r a d i a t i o n  f l u x e s  a r e  
p a r t i c u l a r l y  h i g h  i n  t h e  r a d i a t i o n  b e l t s  wh ich  su r round  t h e  e a r t h  and o t h e r  
p l a n e t s .  I f  t h e  spacec ra f t  i s  a p l a n e t a r y  p robe,  i t  must be a b l e  to  w i t h s t a n d  
tempera tures ,  p ressu res  and a tmospher ic  c o n s t i t u e n t s  o f  t h e  t a r g e t  p l a n e t .  
These range from t h e  h o t  o x i d i z i n g  env i ronment  o f  Venus, t o  t h e  c o l d  r e d u c i n g  
environments o f  J u p i t e r  and t h e  o t h e r  gas g i a n t s .  
I f  t h e  pay load  i 5  i n  a low e a r t h  o r b i t ,  t h e r e  i s  modera te l y  h i g h  
If t h e  i n t e n t  i s  t o  u t i l i z e  h i g h  tempera tu re  superconductors  on space- 
c r a f t ,  i t  must f irst be de termined how v u l n e r a b l e  t h e y  a r e  to  t h i s  v a r i e t y  o f  
c o n d i t i o n s .  I f  t h e  m a t e r i a l s  a r e  v u l n e r a b l e ,  a d d i t i o n a l  measures wh ich  a r e  
r e q u i r e d  t o  p r o t e c t  t h e  m a t e r i a l  may be d e t e r m i n i n g  f a c t o r s  as to  whether an 
a p p l i c a t i o n  i s  f e a s i b l e .  T h i s  s t u d y  i s  an i n i t i a l  a t t e m p t  t o  assess t h e  v u l -  
n e r a b i l i t y  o f  one o f  t h e  h i g h  tempera tu re  superconduc t ing  m a t e r i a l s ,  
B a 2 Y C ~ 3 0 7 - ~ ,  t o  some o f  these c o n d i t i o n s .  
There were seve ra l  l i m i t a t i o n s  t o  t h i s  s t u d y  wh ich  shou ld  be r e c o g n i z e d  
There a r e  r e l a t i v e l y  l a r g e  b a t c h  to  b a t c h  v a r i a t i o n s  and p r o b a b l y  some 
from t h e  o u t s e t .  The f i r s t  i s  t h a t  t h e  m a t e r i a l s  i n v e s t i g a t e d  were experimen- 
t a l .  
m ino r  phases a r e  p r e s e n t  (be low t h e  l i m i t  o f  d e t e c t i o n  u s i n g  x - ray  d i f f r a c -  
t i o n ) .  When a s tandard  m a t e r i a l  becomes a v a i l a b l e  i t  w i l l  no  doubt  be o f  
h i g h e r  q u a l i t y .  ' S ince  t h i s  s t u d y  used ceramic  m a t e r i a l s ,  and n o t  s i n g l e  c r y s -  
t a l s ,  some o f  t h e  observed e f f e c t s  may be a r t i f a c t s  o f  g r a i n  boundar ies  wh ich  
w i l l  change as t h e  m a t e r i a l  q u a l i t y  goes up. Never the less ,  i t  seems reasona- 
b l e  t o  beg in  t o  screen these m a t e r i a l s  a t  t h i s  e a r l y  s tage  t o  p o i n t  o u t  p o s s i -  
b l e  t r o u b l e  a reas ,  and areas  i n  wh ich  even these c rude m a t e r i a l s  p e r f o r m  w e l l .  
METHODS AND MATERIALS 
Powders o f  B a 2 Y C ~ 3 0 7 - ~  were s y n t h e s i z e d  w i t h  BaO2, Y2O3, and CuO u s i n g  
s tandard  techn iques  ( r e f .  1 ) .  For comparison, powders were a l s o  p r o v i d e d  by 
F e r r o  Corp. The powders were pressed i n t o  ba rs  measur ing 1 by  1 by 14 mm a t  
room tempera ture  u s i n g  a p r e s s u r e  of 200 t o  350 MPa. The ba rs  were s i n t e r e d  
a t  900 O C  f o r  16 h r ,  and then  annealed a t  450 O C  i n  an oxygen flow f o r  8 h r .  
Samples were s t o r e d  i n  a d e s i c c a t o r  u n t i l  used. 
Two types  o f  c o n t a c t s  were used, depending on t h e  sample p r o p e r t i e s  t o  be 
measured. For t h e  samples wh ich  o n l y  had Tc  and normal s t a t e  r e s i s t i v i t y  
2 
measured, s i l v e r  p a i n t  was used t o  p a i n t  c o n t a c t s  on t h e  b a r s  a f t e r  t h e y  w e r e  
annealed. For those which had Jc  measured, s i l v e r  epoxy c o n t a c t s  were  
a p p l i e d  a f t e r  s i n t e r i n g ,  and were  t h e n  annealed on. 
The r e s i s t i v i t y  o f  t h e  samples was measured u s i n g  c o n v e n t i o n a l  f o u r  p o i n t  
t echn iques  w i t h  a K e i t h l e y  Model 220 c o n s t a n t  c u r r e n t  source and a K e i t h l e y  
Model 181 nanovo l tme te r .  The v o l t a g e  was measured a t  b o t h  p o l a r i t i e s  t o  
negate e l e c t r o c h e m i c a l  e f f e c t s .  
Even though normal s t a t e  r e s i s t i v i t y  i t s e l f  i s  n o t  a t e c h n o l o g i c a l l y  use- 
f u l  parameter w i t h  these m a t e r i a l s ,  we have found  t h a t  t i s  i n d i c a t i v e  o f  t h e  
superconduc t ing  p r o p e r t i e s .  Samples w i t h  d e t e r i o r a t i n g  normal s t a t e  p r o p e r t i e s  
w i l l  a l s o  have d e t e r i o r a t i n g  superconduc t ing  p r o p e r t i e s  Moreover,  normal 
s t a t e  r e s i s t i v i t y  can be measured i n - s i t u ,  and does n o t  s u b j e c t  t h e  sample t o  
temperature c y c l i n g ,  which we suspect  may degrade t h e  sample. We b e l i e v e  t h e  
normal s t a t e  r e s i s t i v i t y  t o  be a f a i r l y  s e n s i t i v e  i n d i c a t o r  o f  t h e  c o n d i t i o n  
o f  t h e  sample, s i n c e  i t  i s  measured from t h e  s u r f a c e  where t h e  e f f e c t s  o f  deg- 
r a d a t i o n  would most l i k e l y  be seen f irst. However, s i n c e  these  samples have 
much s m a l l e r  s u r f a c e  t o  volume r a t i o s  t h a n  would be encountered  i n  t h i n  f i l m s ,  
t h i n  f i l m  d e g r a d a t i o n  would no doubt  occu r  much f a s t e r .  
The t r a n s p o r t  c r i t i c a l  c u r r e n t  d e n s i t y  (Jc )  was measured a t  77 K w i t h  t h e  
sample submerged i n  l i q u i d  n i t r o g e n  u s i n g  a K e i t h l e y  Model 228 c o n s t a n t  c u r -  
r e n t  source,  and a K e i t h l e y  Model 181 nanovo l tme te r  under computer c o n t r o l .  
C u r r e n t - v o l t a g e  ( I - V )  curves were genera ted  by s t e p p i n g  t h e  c u r r e n t  i n  i n c r e -  
ments o f  0.01 A from t h e  normal s t a t e  o f  one p o l a r i t y  t h r o u g h  t h e  superconduct-. 
i n g  t r a n s i t i o n  and back t o  t h e  normal s t a t e  a t  t h e  o t h e r  p o l a r i t y .  
h o l d e r s  were  des igned such t h a t  t h e  sample c o u l d  be s u b j e c t e d  t o  t h e  e n v i r o n -  
mental  c o n d i t i o n  and then  measured r e p e a t e d l y  w i t h o u t  h a v i n g  to  remount t h e  
sample. 
Sample 
The a u t h o r s  b e l i e v e  t h a t  t r a n s p o r t  Jc a t  77 K i s  t h e  c r i t i c a l  parameter  
t o  be mon i to red .  S ince dev i ces  w i l l  p r o b a b l y  be used a t  t h i s  tempera tu re  and 
s i n c e  Jc i s  t h e  l i m i t i n g  parameter f o r  these a p p l i c a t i o n s ,  t h i s  measurement 
i s  t h e  most s t r i n g e n t .  
d e n s i t y  t h a t  produced a p o t e n t i a l  g r e a t e r  t h a n  1 pV /mm o f  l e n g t h .  Jc was 
a lso  f ound  t o  be much more s e n s i t i v e  to  t h e  e f f e c t s  o f  d e g r a d a t i o n  than c r i t i -  
c a l  temperature ( T c ) .  T h i s  i s  because a sample w i l l  show z e r o  r e s i s t a n c e  a t  
Tc i f  t h e r e  i s  any c o n n e c t i n g  c o n d u c t i o n  p a t h  between t h e  v o l t a g e  probes,  b u t  
Jc i s  dependent upon t h e  amount o f  m a t e r i a l  which i s  superconduc t ing .  Trans- 
p o r t  Jc 
t i o n s ,  b u t  i t  g i v e s  i n s i g h t s  i n t o  t h e  g r a i n  boundary i n t e r a c t i o n s .  G r a i n  
boundary i n t e r a c t i o n s  dominate t h e  superconduc t ing  p r o p e r t i e s  o f  ceramic 
m a t e r i  a1 s. 
Jc was d e f i n e d  i n  these exper iments  as t h e  c u r r e n t  
i s  n o t  o n l y  t h e  parameter  t h a t  i s  r e q u i r e d  for  e n g i n e e r i n g  s p e c i f i c a -  
A f t e r  i t  was con f i rmed  t h a t  t h e  samples were  superconduc t ing ,  and had 
Tc 
boards ( f i g .  1 ) .  The samples were  then  l e f t  o u t  i n  t h e  ambient a i r  and t h e r e  
normal s t a t e  r e s i s t i v i t y  was measured a t  i n c r e a s i n g  t i m e  i n t e r v a l s .  
i n  excess o f  90 K, t h e y  were mounted on f o u r  p o i n t  r e s i s t i v i t y  sample 
A d d i t i o n a l  samples were mounted on sample boards which were a t t a c h e d  t o  
vacuum feed- throughs.  The feed- th roughs w e r e  mounted t o  a vacuum l i n e  and 
evacuated w i t h  a t u r b o m o l e c u l a r  pump (TMP) t o  a p r e s s u r e  o f  about  10-5 Pa. 
T h i s  i s  a p p r o x i m a t e l y  t h e  vacuum of low e a r t h  o r b i t .  
i t y  o f  t h e  samples c o u l d  be measured w i t h o u t  removing them from vacuum. 
The f o u r  p o i n t  r e s i s t i v -  
A f t e r  
3 
17 days t h e r e  was a f a i l u r e  o f  t h e  TMP. 
exposure t o  a r o u g h i n g  vacuum of about  10-3 Pa. 
So d a t a  beyond t h i s  t i m e  r e p r e s e n t s  
Other  samples w e r e  mounted on sample boards and p l a c e d  i n  h u m i d i t y  cham- 
be rs  ( f i g .  2 ) .  These c o n s i s t  of two beakers,  one w i t h  t h e  o t h e r .  The s m a l l e r  
beaker was p a r t i a l l y  f i l l e d  w i t h  water ,  and t h e  sample s a t  on t o p  o f  i t .  T h i s  
was p l a c e d  w i t h  a l a r g e r  beaker w i t h  t h e  e l e c t r i c a l  l eads  t r a i l i n g  o u t  and t h e  
l a r g e  beaker was sea led  w i t h  P a r a f i  l m .  Thi  s assembly was i n  t u r n  p l a c e d  
w i t h i n  an i n c u b a t o r  s e t  a t  t h e  t e s t  t empera tu re .  The chambers were a l l o w e d  to  
equ i  1 i b r a t e  o v e r n i g h t  a t  t h e  t e s t  t empera tu re  before t h e  samples were added. 
A c h a r t  r e c o r d e r  was connected t o  t h e  nanovo l tme te r  because o f  t h e  speed o f  
t h e  r e a c t i o n .  
E l e c t r o n  i r r a d i a t i o n s  were c a r r i e d  o u t  a t  t h e  Westinghouse Research 
Center  i n  P i t t s b u r g h  w i t h  t h e  Van de G r a a f f  g e n e r a t o r .  E l e c t r o n s  o f  1 MeV 
energy  were used and t h e  f l u x  was measured u s i n g  s tandard  Faraday cup tech -  
n iques .  C o n t r o l  samples were exposed t o  t h e  same env i ronment  as t h e  t e s t  sam- 
p l e s ,  l e s s  t h e  r a d i a t i o n .  Samples were i r r a d i a t e d  t o  a t o t a l  f l u e n c e  o f  
9 . 7 ~ 1 0 ~ 4  e-/cm2 i n  t h r e e  i r r a d i a t i o n s  o v e r  a one month p e r i o d  
t h e  samples were measured a f t e r  f luences  o f  7 ~ 1 0 ~ 3  and 2 . 7 x l O i 4  e-/cm2 as w e l l  
as a t  t h e  t o t a l  f l u e n c e  l e v e l .  
J c ' s  o f  
P r o t o n  i r r a d i a t i o n s  were c a r r i e d  o u t  a t  t h e  NASA Lewis Research Cen te r  
c y c l o t r o n ,  which i s  o p e r a t e d  by t h e  C l e v e l a n d  C l i n i c  Founda t ion .  Samples were 
mounted on a t e s t  f i x t u r e  ( f i g .  3)  which  a l l o w e d  them t o  be i r r a d i a t e d ,  and 
then  submerged immed ia te l y  i n t o  a dewar of l i q u i d  n i t r o g e n .  D e s i c c a n t  was 
p l a c e d  a t  t h e  bo t tom o f  t h e  dewar so t h a t  when t h e  n i t r o g e n  d i f f u s e d  o u t  o f  
i t ,  t h e  samples remained d r y .  J, was measured on t h e  samples w i t h o u t  d i s t u r b -  
i n g  them on t h e  t e s t  f i x t u r e .  
Both  t h e  e l e c t r o n  and p r o t o n  f l u e n c e s  t e s t e d  he re  a r e  e q u i v a l e n t  t o  what 
t h e  m a t e r i a l  m i g h t  s e e  i n  t h e  h o t t e s t  p o r t i o n s  of t h e  Van A l l e n  b e l t s  d u r i n g  a 
p e r i o d  o f  maximum s o l a r  a c t i v i t y  for abou t  a y e a r .  T y p i c a l  r a d i a t i o n  l e v e l s  
i n  low e a r t h  o r b i t  may be as many as seven o r d e r s  o f  magnitude l o w e r .  
RESULTS AND DISCUSSION 
Ambient 
I t  has been apparent  from t h e  e a r l i e s t  work t h a t  these m a t e r i a l s  a r e  sen- 
s i t i v e  t o  t h e  ambient env i ronment .  K i tazawa e t  a l .  have d i scussed  t h e  p rob lem 
i n  some d e t a i l  ( r e f .  2 ) .  They f i n d  t h e r e  i s  an enhancement o f  t h e  d e g r a d a t i o n  
when b o t h  water  and carbon d i o x i d e  a r e  i n  t h e  env i ronment .  They d i d  n o t ,  how- 
eve r ,  q u a n t i f y  t h i s  d e t e r i o r a t i o n  for samples wh ich  were s i m p l y  exposed t o  t h e  
ambient l a b o r a t o r y  a i r .  I t  was i m p o r t a n t  for us t o  de te rm ine  t h e  e f f e c t  o f  
t h e  ambient a i r  on  o u r  samples b o t h  as an i n t e r n a l  c o n t r o l  measure, and a l s o  
as a gu ide  f o r  o t h e r  r e s e a r c h e r s .  
A s  expec ted ,  d e g r a d a t i o n  of t h e  normal s t a t e  r e s i s t i v i t y  when t h e  samples 
were s t o r e d  a t  room tempera tu re  was observed. A s  i s  i l l u s t r a t e d  i n  F i g .  4, 
t h e  r e s i s t i v i t y  i nc reases  by about  4 p e r c e n t  o v e r  a seven week p e r i o d .  The 
amount o f  d e g r a d a t i o n  i s  no doubt  dependent on t h e  s u r f a c e  t o  volume r a t i o .  
4 
I n  these samples t h e  s u r f a c e  to  volume r a t i o  was about  40 cm2/cm3. 
and f i b e r s  t h i s  number would be much h i g h e r ,  and d e g r a d a t i o n  would be expec ted  
t o  be f a s t e r .  
For f i l m s  
We a l s o  m o n i t o r e d  t h e  r e s i s t i v i t y  o f  samples s t o r e d  i n  a d e s i c c a t o r  w i t h  
a Cas04 d r y i n g  agent .  A l though  s t a b i l i t y  was improved, F i g .  4 shows t h a t  
t h e r e  was s t i l l  a normal s t a t e  r e s i s t i v i t y  i n c r e a s e  o f  n e a r l y  2 p e r c e n t  o v e r  
t h i s  same t i m e  p e r i o d .  
Vacuum 
A l though  i t  has been apparen t  t h a t  t h e  oxygen i n  B a 2 Y C ~ 3 0 7 - ~  i s  l a b i l e  a t  
h i g h  temperatures,  l i t t l e  i s  known about  t h e  b e h a v i o r  o f  t h e  m a t e r i a l  i n  
vacuum for l o n g  t i m e  p e r i o d s  a t  room temperature and below. Kroeger  e t  a l . ,  
however, have observed c o m p o s i t i o n a l  and morpho log ica l  changes on f r a c t u r e  sur-  
f a c e s  w i t h  t i m e  i n  vacuum a t  room temperature u s i n g  Auger e l e c t r o n  spec t ros -  
copy even i n  t h e  absence of e l e c t r o n  beam e x c i t a t i o n  ( r e f .  3 ) .  
The t e s t s  i n  t h i s  s tudy  show v e r y  l i t t l e ,  i f  any, d e g r a d a t i o n  i n  t h e  no r -  
mal s t a t e  r e s i s t i v i t y  of t h e  samples on exposure t o  vacuum ( f i g .  4 ) .  The 
changes r e p o r t e d  by Kroeger e t  a l .  occu r  v e r y  near  t h e  s u r f a c e  and have n e g l i -  
g i b l e  e f f e c t  on  t h e  b u l k ,  a t  l e a s t  o v e r  t i m e  spans of a f e w  weeks. However, 
t h e  vacuum under which o u r  t e s t s  were conducted was n o t  as g r e a t  as t h a t  i n  
t h e  o t h e r  s tudy .  I t  i s  s t i l l  p o s s i b l e  t h a t ,  i n  deep space vacuum a f t e r  sev- 
e r a l  yea rs ,  e f f e c t s  c o u l d  s u r f a c e .  These would most s e r i o u s l y  e f f e c t  t h i n  
f i l m s ,  w i t h  t h e i r  h i g h  s u r f a c e  t o  volume r a t i o s .  
Humi d i  t y  
There have been many r e p o r t s  i n  t h e  l i t e r a t u r e  about  t h e  i n s t a b i l i t y  o f  
B a ~ Y C u 3 0 7 - ~  t o  wa te r .  I n t e r e s t i n g l y ,  i t  has been r e p o r t e d  to  be i n e r t  t o  sub- 
mers ion i n  c o l d  water  f o r  seve ra l  hours ( r e f .  4 1 ,  though even s l i g h t  h e a t i n g  
(35 O C )  causes a r a p i d  decompos i t ion  i n t o  BaY2CuO5, Ba(OH)2, and 02. 
Ba(OH)2 then  r e a c t s  w i t h  C02 t o  form BaCO3 ( r e f .  5). 
A more t r o u b l i n g  problem than  immersion i s  t h e  r e a c t i o n  w i t h  wa te r  vapor 
i n  t h e  a i r .  Dexin e t  a l .  r e p o r t e d  t h a t  exposure of a sample i n  a i r  a t  100 p e r -  
c e n t  h u m i d i t y  a t  60 O C  f o r  20 min r e s u l t e d  i n  needle c r y s t a l s  g row ing  from 
c r y s t a l  g r a i n  edges ( r e f .  6). We saw t h e  same r e a c t i o n .  They f u r t h e r  r e p o r t  
t h a t  
i s  n e a r l y  u n a f f e c t e d .  
The 
Tc ( z e r o )  drops w i t h  t i m e  ( t o  50 K a f t e r  80 m in ) ,  b u t  t h a t  Tc ( o n s e t )  
T h i s  s tudy  was s i m i l a r  to  t h a t  o f  Dex in  e t  a l . ,  excep t  t h a t  t h e  tempera- 
t u r e  o f  t h e  r e a c t i o n  was a l s o  v a r i e d .  The r e s u l t s  a r e  summarized i n  f i g u r e  5, 
which shows t h e  l o g  o f  t h e  r e s i s t i v i t y l i n i t i a l  r e s i s t i v i t y  (assuming no dimen- 
s i o n a l  changes) as a f u n c t i o n  of t i m e  a t  30, 40, and 50 O C ,  100 p e r c e n t  
h u m i d i t y .  
I f  normal s t a t e  c o n d u c t i v i t y  i s  used as an i n d i c a t o r  o f  t h e  e x t e n t  o f  
r e a c t i o n ,  i n t e r e s t i n g  t r e n d s  emerge. When r a i s i n g  t h e  temperature i n  these 
sys tems t h e r e  a r e  two e f f e c t s ;  r a i s i n g  t h e  average k i n e t i c  energy o f  t h e  mole- 
c u l e s ,  and i n c r e a s i n g  t h e  vapor p r e s s u r e  of t h e  wa te r .  A change from 30 to  
50 O C  changes t h e  k i n e t i c  energy of t h e  gas phase molecules by l e s s  t h a n  
5 
7 p e r c e n t ,  b u t  i nc reases  t h e  vapor  p r e s s u r e  by  a f a c t o r  o f  t h r e e .  I f ,  t h e r e -  
f o r e ,  i n c r e a s i n g  t h e  tempera tu re  i s  t aken  t o  have o n l y  t h e  e f f e c t  o f  chang ing  
t h e  a v a i l a b l e  c o n c e n t r a t i o n  o f  wa te r  mo lecu les ,  t h e  d a t a  a r e  found  t o  l i e  
a l o n g  a s t r a i g h t  l i n e  on  a g raph o f  vapor p r e s s u r e  o f  water  as a f u n c t i o n  o f  
t h e  r e c i p r o c a l  o f  t h e  t i m e  t o  reduce t h e  c o n d u c t i v i t y  by h a l f  ( f i g .  6 ) .  T h i s  
i m p l i e s  a second o r d e r  r e a c t i o n .  
T h i s  s u r p r i s i n g  r e s u l t  can l e a d  t o  many d i f f e r e n t  mechanisms. 
l a t e  t h a t  perhaps t h e  spec ies  wh ich  i n i t i a t e s  t h e  decompos i t ion  i s  n o t  H20, 
b u t  a c t u a l l y  t h e  H3O+ -- OH coup le ,  w i t h  t h e  OH- a b s t r a c t i n g  t h e  Ba, and t h e  
H3O+ a c t i n g  t o  s t a b i l i z e  t h e  a c t i v a t e d  t r a n s i t i o n  complex. 
compounds show l i t t l e  decompos i t i on  when exposed t o  NaOH s o l u t i o n s  suggests 
t h a t  t h e  H3O+ i s  i m p o r t a n t  ( r e f .  7 ) .  
We specu- 
The f a c t  t h a t  t h e  
Perhaps a second o r d e r  mechanism s i m p l y  r e f l e c t s  t h e  d i v a l e n c y  o f  t h e  
ba r ium i o n ,  wh ich  must c a p t u r e  two wa te r  h y d r o x i d e  i o n s  t o  be debonded from 
t h e  B a 2 Y C ~ 3 0 7 - ~  l a t t i c e .  
o t h e r  s c e n a r i o s .  
W i t h o u t  more da ta ,  t h e r e  a r e  few c o n s t r a i n t s  on 
E l e c t r o n  I r r a d i a t i o n  
There have been a t  l e a s t  two s t u d i e s  o f  t h e  e f f e c t s  o f  e l e c t r o n  i r r a d i a -  
t i o n  on B a ~ Y C u 3 0 7 - ~ .  
energy  e l e c t r o n s  (55.7 MeV), and found  a t  h i g h  f l u e n c e s  (100 mrad) t h a t  t h e  
room tempera tu re  r e s i s t i v i t y  i n c r e a s e d  by a f a c t o r  o f  2 t o  3, and became more 
s e m i c o n d u c t o r - l i k e  i n  i t s  t empera tu re  dependence. They observed no  s h i f t  i n  
T c  ( o n s e t ) ,  b u t  a decrease o f  about  5 K i n  
Recen t l y ,  Adem e t  a l .  r e p o r t e d  a s tudy  u s i n g  1 MeV e l e c t r o n s  a t  f l u e n c e s  
o f  6 . 5 ~ 1 0 ~  
Tc  ( z e r o )  t o  52 and 40 K r e s p e c t i v e l y ,  no s u b s t a n t i a l  change i n  Tc ( o n s e t ) ,  
and t h a t  t h e  samples behaved more semi -conduc to r - l i ke .  They f u r t h e r  r e p o r t e d  
i n c r e a s i n g  d i s o r d e r  i n  t h e  l a t t i c e  and r o u n d i n g  o f  g r a i n  boundar ies  caused by  
t h e  i r r a d i a t i o n .  
Maisch e t  a l .  i r r a d i a t e d  t h i c k  f i l m s  w i t h  v e r y  h i g h  
Tc ( z e r o > ( r e f .  8). 
and 1 . 7 ~ 1 0 1 5  e-/cm2 ( r e f .  9 ) .  They a l s o  r e p o r t e d  a decrease o f  
I n  t h i s  s t u d y  we looked  a t  Jc  as a f u n c t i o n  o f  i r r a d i a t i o n  w i t h  1 MeV 
e l e c t r o n s  ( f i g .  7 ) .  
Jc  (77 K >  by  no more than  about  2 p e r c e n t  o v e r  t h e  c o n t r o l  samples. 
number o f  samples ( s i x )  were used, so even t h i s  d e g r a d a t i o n  c o u l d  be w i t h i n  
t h e  d e v i a t i o n  o f  t h e  samples. 
a l s o ,  p r o b a b l y  due t o  exposure t o  t h e  a i r  d u r i n g  t h e  i r r a d i a t i o n s .  
I t  was found  t h a t  f l u e n c e s  up t o  9 . 7 ~ 1 0 ~ ~  e-/cm2 degraded 
A l i m i t e d  
The c o n t r o l  samples showed some d e g r a d a t i o n  
P r o t o n  I r r a d i a t i o n  
The e f f e c t s  o f  p r o t o n  i r r a d i a t i o n  a t  a v a r i e t y  o f  p r o t o n  e n e r g i e s  has 
been s t u d i e d  i n  a p r e l i m i n a r y  way. W i l l i s  e t  a l .  s t u d i e d  s i n t e r e d  p e l l e t s  
o f  Ba2GdC~307-~  and B a 2 E ~ C u 3 0 7 - ~  i r r a d i a t e d  w i t h  800 MeV p r o t o n s  a t  90 O C  
( r e f .  10). 
p+/cm2>. 
c e n t  t o  l e s s  than  10 p e r c e n t  a f t e r  1017 p+/cm2. I n t r a g r a i n  3, was found  to  
i n c r e a s e  by a f a c t o r  o f  t h r e e  i n  z e r o  f i e l d .  
Tc ( o n s e t )  f o r  b o t h  compounds dropped a t  a r a t e  o f  ( 1 . 7  K ) / l O l 7  
SQUID measurements showed t h a t  f l u x  e x p u l s i o n  decreased from 20 pe r -  
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I n  another  s tudy ,  Maisch e t  a l . ,  s t u d i e d  t h i c k  f i l m s  (100 pm) o f  
B a 2 Y C ~ 3 0 7 - ~  i r r a d i a t e d  w i t h  p r o t o n s  o f  63 MeV up t o  a f l u e n c e  o f  1 .O9x10l4 
p+/cm2, and w i t h  6 MeV p r o t o n s  t o  a f l u e n c e  o f  5 . 0 ~ 1 0 1 3  p+/cm2 ( r e f .  6 ) .  Wi th  
t h e  63 MeV samples i t  was found t h a t  a t  f luences  as low as 7 . 8 ~ 1 0 ~ ~  p+/cm2, 
t h e r e  was no Tc ( z e r o )  above 4 .2  K. Except f o r  a smal l  random d i s o r d e r i n g  o f  
t h e  l a t t i c e ,  t h e r e  was no  change on t h e  s t r u c t u r e  as d e t e c t e d  by x-ray d i f f r a c -  
t i o n .  I t  was d i f f i c u l t  t o  i n t e r p r e t  t h e  6 MeV p r o t o n  d a t a  because t h e  pene t ra -  
t i o n  dep th  (150 pm) was s i m i l a r  t o  t h e  sample t h i c k n e s s .  
I n  t h i s  s tudy ,  42 MeV p r o t o n  i r r a d i a t i o n  r e v e a l e d  a s t a b i l i t y  e f f e c t  t h a t  
was n o t  observed i n  any o f  t h e  o t h e r  t e s t s .  There were two sample t ypes  f o r  
these t e s t s .  
va lues  ( ~ 3 0  A/cm2). 
t i a l  Jc  va lues  ( ~ 2 4 0  A / c m 2 ) .  The 42 MeV p r o t o n s  proved much more damaging 
t o  t h e  l a r g e  g r a i n  samples ( f i g .  8 ) .  A f t e r  a f l u e n c e  o f  8 . 7 ~ 1 0 1 4  p+/cm2 t h e  
smal l  g r a i n  samples showed e s s e n t i a l l y  no degrada t ion ,  whereas t h e  l a r g e  g r a i n  
samples degraded t o  about  o n e - t h i r d  o f  t h e i r  o r i g i n a l  
l a r g e r  g r a i n  s i z e  makes t h e  NASA produced samples much more s u s c e p t i b l e  t o  pro-  
t o n  r a d i a t i o n  than  t h e  F e r r o  produced samples. 
Samples produced a t  NASA had l a r g e  g r a i n s  and lower  i n i t i a l  Jc  
Samples produced a t  F e r r o  had smal l  g r a i n s  and h i g h e r  i n i -  
J c .  We t h i n k  t h a t  t h e  
CONCLUSIONS 
There a r e  some p r a c t i c a l  h a n d l i n g  techn iques  suggested by t h i s  s tudy .  
F i r s t ,  t h i s  s t u d y  c o n f i r m s  t h e  r e s u l t s  o f  o t h e r s  t h a t  a tmospher ic  wa te r  vapor 
shou ld  be avo ided.  A l though  t h e  m a t e r i a l  does n o t  degrade so r a p i d l y  as t o  
p r o h i b i t  e x p e r i m e n t a t i o n  o u t s i d e  o f  a g l o v e  box ( a t  l e a s t  a t  t h i s  s u r f a c e  t o  
volume r a t i o ) ,  i t  does suggest t h a t  l o n g  te rm s t o r a g e  i n  vacuum i s  s u p e r i o r  to  
s t o r i n g  them i n  a d e s i c c a t o r .  
The i r r a d i a t i o n  exper iments  i n d i c a t e  t h a t ,  excep t  f o r  t h e  l a r g e  g r a i n e d  
samples, t h e  m a t e r i a l s  a r e  r e a s o n a b l y  ha rd  t o  t h e  r a d i a t i o n  t h e y  a r e  l i k e l y  t o  
see i n  space. What t h e i r  l i f e t i m e  can be expec ted  t o  be i s  d i f f i c u l t  to  d e t e r -  
mine w i t h o u t  d e t a i l e d  knowledge o f  t h e  s p e c i f i c  m i s s i o n .  A d d i t i o n a l  s t u d i e s  
a r e  r e q u i r e d  t o  de te rm ine  t h e  f a i l u r e  p o i n t s  f o r  b o t h  p r o t o n  and e l e c t r o n  r a d i -  
a t i o n ,  and t o  v e r i f y  i f  t h e  g r a i n  s i z e  e f f e c t  i s  r e a l .  
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Figure 1. - Sample holder for making four-point resistivity measurements on 
ceramic bars of B a 2 Y C ~ 3 q . ~ .  
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Figure 2. - Humidity chambers used for testing the stability of ceramic bars of 
Ba2YC*Opx. 
Figure 3. -Test fixture to irradiate ceramic bars Ba2YCeq.xin a cyclotron, 
and then measure their critical current density. 
0 AMBIENT STORAGE 
0 DESICCATOR STORAGE 
A VACUUM STORAGE 







CL: c J 2 1.02 0 0 
-' 0.99 
0 10 20 30 40 50 
TIME, DAYS 
Figure 4. - Degradation of ceramic bars of Ba2YC~307-~  on 
exposure to ambient conditions, desiccated air, or vacuum 
over time. 
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Figure 5. - Degradation of ceramic bars of Ba2YC~.$7-~on 
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Figure 6. - Partial pressure of wafer as a function of the reciprocal 
of the time to degrade the sample conductivity by half. Linearity 
in this graph indicates a second order chemical reaction of wafer 
with the ceramic bars of B a 2 Y C ~ 3 q . ~ .  
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Figure 7. - Degradation of ceramic bars of B ~ ~ Y C U & - ~  
on exposure to 1 MeV electron irradiation. 
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